Abstract Understanding epidemiology and the factors leading to thyroid nodule diagnosis might help alter the course of the thyroid cancer epidemic. Population-based study using the Rochester Epidemiology Project database between 2003 and 2006. Patients with thyroid nodules who underwent ultrasound guided fine needle aspiration biopsy were included. We identified 453 patients with 520 thyroid nodules undergoing ultrasound guided fine needle aspiration. Patients were mostly women (n: 349, 77 %) with a mean age of 52 (standard deviation 17) years. The ageadjusted and sex-adjusted incidence of ultrasound guided fine needle aspiration-thyroid nodules between 2003 and 2006 was 89 (95 % confidence interval, 80-97) per 100,000 person-years; the incidence in women was 130 (95 % confidence interval, 117-144), and for men 43 (95 % confidence interval, 35-52) per 100,000 person-years. The incidence of ultrasound guided fine needle aspirationthyroid nodules increased by 42 %, from 68 (95 % confidence interval, 54-82) in 2003 to 97 (95 % confidence interval, 80-113) per 100,000 person-years in 2006. The group with the highest incidence was patients between 70 and 79 years of age, 258 per 100,000 person-years. Most ultrasound guided fine needle aspiration-thyroid nodules were found in asymptomatic patients (n: 371, 82 %) by physical examination (n: 197, 43 %) or on imaging studies performed for non-thyroid issues (n: 108, 24 %). Women were more likely to have nodules detected by palpation (45 %), whereas imaging and physical examination contributed similarly in men (39 and 38 %). There is a large and rapid increase in the ultrasound guided fine needle aspirationthyroid nodules, particularly among women and elderly patients which mirrors the trends observed in thyroid cancer. Most thyroid nodules were found in asymptomatic patients as a result of routine physical examination or imaging.
Introduction
There is a large reservoir of thyroid nodules; 30-60 % of the adult population harbors at least one thyroid nodule [1] [2] [3] . This frequency is higher with advancing age, among females and in patients living in iodine deficient areas [4] . Conservatively, these estimates translate into~150-180 million Americans with at least one thyroid nodule. Most of these patients will remain undiagnosed and asymptomatic. Over the last decade, however, the increased detection of this large thyroid nodule reservoir has led to a series of harmful effects on patients and on the health care system.
One of the effects of the increase in the detection of thyroid nodules is the worldwide upsurge in thyroid cancer diagnosis. In the United States, the incidence of thyroid cancer has increased from 4.9 cases per 100,000 persons in 1975 to 14.3 cases per 100,000 in 2009 [5] . In South Korea, where the increase has been more pronounced, the incidence rose from 11.9 cases per 100,000 in 1999 to 120.4 cases per 100,000 per year in 2012 [6, 7] . In South Korea, thyroid cancer has become the most frequently diagnosed cancer among women [7] .
Given that the majority of the new thyroid cancer lesions are small papillary thyroid cancers of indolent course with no impact on disease-specific mortality, patients doubtfully benefit from this diagnosis [5, 8] . In fact, individuals carrying the thyroid cancer diagnosis struggle with the substantial financial and psychological effects of the treatment associated with this condition. For example, thyroid cancer survivors have higher rates of bankruptcy due to health care disruptions and costs than the general population [9] . In addition, reported quality of life of thyroid cancer survivors is similar to, or worse than, that of survivors of other types of cancer that have a worse prognosis [10] . The burden of this epidemic of thyroid cancer also impacts the health care system. In the United States, thyroid cancer care cost US $1.4 billion in 2010 and will increase to $20 billion over the next 10 years [9] .
Despite the vast reservoir of thyroid nodules and their potential effects on the epidemic of thyroid cancer, little is known about the true incidence of thyroid nodules and how these nodules are initially detected. Using a populationbased design we examined a subset of thyroid nodules undergoing ultrasound guided fine needle aspiration (USFNA) biopsy to estimate incidence as well as to identify triggers for diagnosis. Understanding how cases are detected may help to identify strategies for reducing overdiagnosis and curbing the epidemic of thyroid cancer.
Methods
To study the incidence of thyroid nodules and triggers of diagnosis, we used the Rochester Epidemiology Project (REP). The REP medical records linkage system was initiated to study disease epidemiology and patterns of health care among the residents of Olmsted County. This database includes patients from all medical care facilities accessed by all residents of Olmsted County, Minnesota (an estimated population in 2012 of 164,129) including the Mayo Clinic, the Olmsted Medical Center and several private practices. The REP gives investigators the ability to examine the health care of Olmsted County's residents regardless of age, sex, ethnicity, insurance or socioeconomic status or the setting of care delivery. Therefore, it allows us to estimate the incidence of medical conditions within a community [11, 12] .
Our study was approved by the institutional review boards of the Mayo Foundation and Olmsted Medical Center. We used the REP to identify all cases of thyroid nodules that were confirmed by neck ultrasound and underwent USFNA with available cytology from pathology department records from 1 January 2003 to 31 December 2006. Patients with thyroid nodules not undergoing USFNA were excluded. This identification method allowed us to reliably enroll patients with a confirmed diagnosis of thyroid nodule and to determine the outcome of their work up. In addition, the results of this study are a secondary outcome of a study evaluating the long-term outcome of patients with benign thyroid nodules; the selected time period allowed enough follow-up time to assess the primary outcome of interest (medical record review through October 2014). Three reviewers individually extracted from each chart: the size of the thyroid nodule that was evaluated by USFNA, the results of the cytology and demographic data, family history of thyroid cancer or neck radiation, nodularity of the gland, results from the USFNA and histology (when patients required surgery), and surgical information to allow us to classify patients as low or high risk of mortality based on MACIS score (distant metastasis, patient age, completeness of resection, local invasion, and tumor size) [13] . To identify the mechanism of detection for each Diagnostic work up When a thyroid nodule is found during the work up of clinical symptoms or abnormal laboratory tests that could be suggestive of thyroid disease or known thyroid disease (e.g., patient with weight loss where a thyroid stimulating hormone (TSH) and ultrasound (US) are performed, patient with hyperthyroidism who has a thyroid ultrasound positive for a nodule, patients with history of previous nodule followed by US, patient with abnormal TSH that results in ordering US)
Case finding When a thyroid nodule is found on a US performed for thyroid cancer screening (e.g., setting of strong family history of thyroid cancer or neck radiation)
Symptomatic nodule When a thyroid nodule is found in a symptomatic patient (e.g., neck pressure or mass, voice change, dysphagia) patient with a thyroid nodule, reviewers followed a prespecified framework (Table 1) .
Analytic plan
We summarized continuous variables using means, standard deviation (SD), median and interquartile range and categorical variables using percentages. We used two-sample t-tests and Pearson's chi-squared tests to test hypotheses of differences between groups on continuous and categorical variables, respectively. For incidence analysis, age-adjusted and sex-adjusted incidence rates were based on direct standardization against the 2010 US white population, for the 2003-2006 cohort, with the corresponding denominators derived from annual census figures for Olmsted County, assuming that the entire population was at risk. We estimated 95 % confidence intervals (CIs) assuming the Poisson distribution for number of cases.
Results
We identified 453 patients with 520 thyroid nodules undergoing USFNA for at least one thyroid nodule between 2003 and 2006. Most patients harboring these nodules were women (n: 349, 77 %) and the mean age at the time of USFNA was 52 years (SD, 17 years). From this cohort, 327 (72 %) patients with 363 thyroid nodules had benign cytology and 136 (30 %) patients underwent thyroidectomy at any point during the follow up.
Malignancy frequency
Malignancy was found histologically in 45 (9 %) patients. One patient had family of thyroid cancer and one patient had history of neck radiation. Most detected thyroid cancers were papillary thyroid cancer at low risk of mortality, MACIS <6 (n: 36, 87 %) including 7 micropapillary thyroid cancer. In addition, we found three papillary thyroid cancers with MACIS >6; in one case the score was given based on the age of patient, and the two remaining cases were patients who presented with metastasis. Furthermore, we found one medullary thyroid cancer with local metastasis, and two follicular thyroid cancers with no vascular invasion (considered low risk) and one Hurthle cell cancer considered low risk due to absence of invasion and presence of metastasis.
Incidence of thyroid nodules undergoing USFNA
The age-adjusted and sex-adjusted incidence of thyroid nodules between 2003 and 2006 was 89 per 100,000 person-years (p-y) (95 % CI, 80-97). The age-adjusted incidence in women was 130 per 100,000 p-y (95 % CI, 117-144); while for men it was 43 per 100,000 p-y (95 % CI, 35-52). The highest thyroid nodule incidence was seen in patients between 70 and 79 years of age for women and men, respectively (258 and 145 per p-y), 
Mechanism of detection
Thyroid nodule detection was most common in asymptomatic individuals (incidentally on imaging, physical exam, diagnostic work up, and case findings), 371 (82 %) with a minority being found in symptomatic patients 76 (17 %). In six patients (1 %) we could not find enough documentation to classify them. Symptomatic patients underwent thyroid surgery more often and had a higher malignancy rate than asymptomatic patients with thyroid nodules, Table 2 . The most common mechanism of detection for the asymptomatic group was routine physical examination (n: 197, 43 %), followed by incidental findings on imaging tests performed for non-thyroid-related reasons (n: 108, 24 %). The thyroid nodules diagnosed by imaging were most commonly found on computed tomograph (CT) scan (63 %) or on magnetic resonance imaging (MRI) (11 %) performed for non-thyroid reasons. Thyroid nodules incidentally found on imaging were on average larger, 2.5 cm (SD 1.7) than nodules found through other mechanisms (Table 3) . However, within this group the mean size was skewed by the presence of three individuals with very large (7 cm and 2 of 10 cm in size) and asymptomatic thyroid nodules identified by chest X rays.
When stratified by age, the most frequent mechanism of detection for most age groups was physical exam, except for patients older than 70 years. In these older individuals the frequency of incidental findings on imaging was higher than on physician exam, 34 (45 %) vs. 24 (32 %), p = 0.09 (Fig. 3) . Furthermore, the mechanism of detection was also influenced by gender. Thyroid nodules were more frequently found through neck palpation in women [158 (45 %)], whereas for men imaging was the most common (Fig. 4) .
Discussion
Thyroid nodules are common. Thyroid nodules are common; 4-7 % of adults have palpable nodules, and more than 67 % have nodules on ultrasound and up to 50 % on autopsy studies [1] [2] [3] . Despite the widespread nature of this condition, the incidence of thyroid nodules undergoing USFNA was unknown. In this population-based study, we found that the incidence of thyroid nodules undergoing USFNA is 88.6 per 100,000 p-y; an estimate six times higher the current incidence of thyroid cancer in the USA. Mirroring the trends observed in thyroid cancer, the majority of the new cases occurred in females, patients with thyroid nodule sizes less than 2 cm, and in the elderly [5, 8] . Likewise, in the short period between 2003 and 2006, we detected that the incidence of thyroid nodules undergoing USFNA increased by 43 %. About 9 % of these new thyroid nodules, regardless of the mechanism of detection, were found to have cancer. Thus, more thyroid nodule diagnosis equals more thyroid cancer diagnosis. Indeed, the age-adjusted incidence of thyroid cancer in the same population increased from 9 per 100,000 p-y in 2002 to 13 per 100,000 p-y in 2007 [8] .
The majority of new thyroid nodules undergoing USFNA were found among asymptomatic patients. In only 17 % of the patients the diagnosis was due to symptoms triggered by the nodules. While it is believed that the most important trigger of thyroid nodule detection is the increased use of imaging technology (e.g., incidental findings in CT, MRI), our findings suggest that at least for thyroid nodules undergoing USFNA the most common mechanism of detection was the palpation of the neck by a clinician. Assuming that the physical examination skills of clinicians have not changed substantially over time, one possible explanation may support this conclusion: currently, clinicians do not have to be certain about the presence of a thyroid nodule, the mere suspicion of a thyroid nodule during palpation would trigger an ultrasound of the thyroid that may confirm the palpable abnormality and will often find, incidentally, other thyroid nodules. The impact of neck palpation as a trigger of diagnosis was also suggested by a recent study conducted in the same population from 2000 to 2012 among thyroid cancers. In this study the most important mechanisms that ultimately led to the discovery of a thyroid cancer was physical examination on an asymptomatic patient (36 %) [8] . Finally, neck palpation predominance as a trigger among women implies important differences in health care delivery by gender. For example, high thyroid cancer frequencies among females have been attributed to more access to health care [14] [15] [16] . Likewise, due to differences in body habitus thyroid glands in women, on average, are palpated with higher sensitivity for nodules than in men [14] .
Implication for practice and research
Thyroid nodule diagnosis fuels and precedes the overdiagnosis of thyroid cancer. Thus, strategies to curtail the excessive diagnosis of thyroid nodules likely will have a significant impact on reducing the increasing incidence of thyroid cancer. The American Thyroid Association guidelines have tried to address this issue, by recommending against biopsy in nodules less than 1 cm [17] . Also, to avoid the excessive use of thyroid ultrasonography as a consequence of diagnostic cascades, the Choosing Wisely Campaign-an initiative of the American Board of Internal Medicine Foundation to reduce unnecessary tests-recommends, "Don't routinely order a thyroid ultrasound in patients with abnormal thyroid function tests if there is no palpable abnormality of the thyroid gland" [18] . We have found that physical exam in asymptomatic patients and incidental imaging findings contribute to thyroid nodule detection. There are clearly many instances in which a presumed palpable abnormality on examination is not confirmed when ultrasound is performed, but such study may lead to the detection of other unsuspected nodules (e.g., contralateral lobe). In other cases, such palpable nodules may be confirmed on ultrasound warranting further investigation (e.g., large nodule with suspicious sonographic features). The extent to which the observed rate of nodule detection must be an accepted consequence of these practices needs to be examined carefully.
Strengths and limitations
We conducted a population-based study that allowed us to calculate the incidence of thyroid nodules undergoing USFNA and their mechanisms of detection. However, the study period from 2003 to 2006 was short, limiting our ability to analyze diagnostic trends over a longer interval. For example, we found an increase in incidence of thyroid nodules undergoing USFNA; this finding is prone to statistical uncertainty compared to estimates obtained from cohorts followed by a longer period of time. For instance, Sosa et al. found in a population-based analysis that the use of thyroid fine needle aspiration more than doubled during a 5-year study period (16 % annual growth) [19] . Thus, further research should confirm our estimates. Likewise, given that our cohort included patients diagnosed between 2003 and 2006, our results may not reflect more current incidence rates of thyroid nodule diagnosis and mechanisms of detection. Our rationale to study this period of time was to allow a sufficient follow-up time to capture the outcomes of the work-up of all these thyroid nodules even when they did not have immediate thyroid surgery. We also followed a predefined framework to classify the mechanism of detection and were able to assign a category for the majority of our sample (99 %). Additionally, our estimates are based on thyroid nodules undergoing USFNA evaluation; while this strategy allows us to identify accurately patients with thyroid nodules in this population, it provides results that underestimate the true incidence of thyroid nodules, because only an unknown percentage of thyroid nodules required USFNA. Similarly, the exact criteria for whether to conduct or not a USFNA evaluation was not extracted, and thus, it is possible that the estimates here are reflection of selected patients presenting with one or more features that raised clinicians and patients concerns. Furthermore, the mechanism of detection for thyroid nodules not undergoing USFNA evaluation may be different that those described here. Finally, the use of the REP, a less ethnically diverse population with high access to health care, may raise concerns over the generalizability of these findings. Thus, it is possible that the incidence of thyroid nodules and their mechanism of detection may vary depending on the source of data [20] . Other studies are needed to confirm our findings.
Conclusions
There is a large and rapid increase in the incidence of thyroid nodules, particularly among women and the elderly which mirrors the trends observed in thyroid cancer. Most thyroid nodules were found in asymptomatic patients as a result of routine physical examination or as incidental findings on imaging. To our knowledge, this is the first study in the United States to describe the incidence rate of thyroid nodule diagnosis and to examine the drivers of thyroid nodule detection.
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